Seasonal fluctuation in population density of phytoseiid mites and Scirtothrips dorsalis and species composition of phytoseiid mites were investigated from
INTRODUCTION
The yellow tea thrips, Scirtothrips dorsalis Hood, is an insect pest that causes serious damage to grape. Thrips feeding on the fruit reduces its market value by causing brown scars on the fruit surface. Many species of plant-inhabiting phytoseiid mites, which feed on thrips, have been recorded in the world (Sabelis and Van Rijn, 1997) . In South Africa, Euseius addoensis (Van der Merwe and Ryke) significantly reduces the population of Scirtothrips aurantii Faure on orange groves (Grout and Richards, 1992) and Amblyseius citri Van der Merwe and Ryke [Euseius citri (Van der Merwe and Ryke)], although not as effective as E. addoensis, can control S. aurantii on citrus (Grout, 1994) . In California, the predatory role of Euseius hibisci (Chant) on Scirtothrips citri (Moulton) on citrus was evaluated (Tanigoshi et al., 1985) . This predator was successfully colonized and introduced into orchards for controlling S. citri in 1978, and an 85 percent reduction in damage by S. citri was attributed to the influence of E. hibisci from 1978 to 1981 in an experimental citrus grove (Tanigoshi and Griffiths, 1982) . In Japan, three phytoseiid mites, Amblyseius womersleyi Schicha [Neoseiulus womersleyi (Schicha)], Amblyseius okinawanus Ehara [Typhlodromips okinawanus (Ehara) ] and Amblyseius tsugawai Ehara [Typhlodromips tsugawai (Ehara) ], are known as predators of Thrips palmi Karny (Kajita, 1985 (Kajita, , 1986 Nagai, 1993) . However, little is known about the phytoseiid mites that feed on S. dorsalis on grape.
In the present study, we first report the seasonal fluctuation in population density and species composition of phytoseiid mites corresponding to the S. dorsalis population on grape. We also examine the prey consumption of a phytoseiid mite, Euseius sojaensis (Ehara), on S. dorsalis under laboratory conditions.
MATERIALS AND METHODS
The scientific names of phytoseiid mites generally follow those of Ehara and Amano (2004) .
Seasonal fluctuation in population density of Appl. Entomol. Zool. 39 (4): 727-730 (2004) sojaensis female adults were collected from the field and starved for 24 h (Experiment 1) or 6 h (Experiment 2) on Delaware leaves placed on water-soaked cotton in a plastic petri dish (9 cm in diameter and 2 cm in depth). In Experiment 1, a square of Delaware leaf (2ϫ2 cm) with 40 S. dorsalis 2nd instars collected from the field was placed on water-soaked cotton in a plastic petri dish. An E. sojaensis female was released onto the leaf, and the number of thrips consumed was directly counted for 1 h under a dissecting microscope. Ten replications were done. In Experiment 2, a square of Delaware leaf (2ϫ2 cm) with 15 S. dorsalis 2nd instars was placed on a wet filter paper in a glass tube (3.5 cm in diameter and 8 cm long). An E. sojaensis female adult was released into the tube, and the number of thrips was counted 24 h later. Twelve experimental and six control replications without a phytoseiid mite were done. After 24 h, the average number of surviving thrips in the control was 14.6Ϯ0.3 (meanϮS.E.), and thus the number of thrips consumed per day in the released tubes was calculated as: 14.6ϪX (X: the number of surviving thrips).
RESULTS AND DISCUSSION
Seasonal fluctuations in the number of phytoseiid mite female adults and S. dorsalis adults and larvae per shoot in 1997 are shown in Fig. 1A and 1B, respectively. Adult females of phytoseiid mite were found from June to September, and in high densities from mid-July to mid-August with two peaks, 0.7 individuals per shoot in late July and 1.5 in early August. S. dorsalis adults were found from May to September and in high densities from early to late July with a peak of 12.0 individuals per shoot in late July. S. dorsalis larvae were found from May to September and in high densities from late June to late July with two peaks, 52.7 individuals per shoot in early July and 24.2 in late July. The results of 1998 are shown in Fig. 2A and 2B . Adult females of phytoseiid mite were found from June to September, and in high densities from mid-July to mid-September with two peaks, 3.1 individuals per shoot in late July and 1.8 in early September. S. dorsalis adults were found from May to September and in high densities from early to late July with a peak of 15.3 individuals per shoot in early July. S. dorsalis larvae were found from May to September and in high densities from late June to late July with two peaks, 23.0 individuals per shoot in early July and 24.2 in late July. The results of both years suggest that the peak of phytoseiid mites in late July corresponds to the population increase of S. dorsalis.
The seasonal fluctuation in species composition of phytoseiid mites in 1998 is shown in Fig. 3 . E. sojaensis was found from mid-June to mid-September, and was dominant in the samples from mid-June to mid-August, when the density of S. dorsalis was high. Amblyseius eharai Amitai and Swirski was found from early July to late September, and was dominant in the samples from late August to late September. It is necessary to examine whether the occurrence of A. eharai corresponds to the occurrence of S. dorsalis. Four other species, Phytoseius nipponicus Ehara, Neoseiulus womersleyi (Schicha), Neoseiulus californicus (McGregor) and Indoseiulus liturivorus (Ehara) were found in low frequencies during the investigation. Female adults of the kanzawa spider mite, Tetranychus kanzawai Kishida, were found from late June to late September in 1998 even though its density was low. E. sojaensis cannot develop on T. kanzawai, even with tea pollen, because of entanglement in the webbing of T. kanzawai, and thus it cannot control its density on grape (Osakabe et al., 1987; Osakabe, 1988) . The results suggest that the occurrence of E. sojaensis from mid-June to midAugust in 1998 corresponds to the population increase of S. dorsalis.
The numbers of S. dorsalis larvae consumed per hour and day by E. sojaensis were 1.4Ϯ0.2 (meanϮS.E.) and 5.4Ϯ0.5 (meanϮS.E.), respectively. The results suggest that E. sojaensis affects the population density of S. dorsalis as a predator.
This study is the first report showing that the population increase of E. sojaensis corresponds to that of S. dorsalis on grape, and that the mite has the ability to prey on the thrips. The optimum timing for controlling S. dorsalis by spraying insecticides in open Delaware vineyards in Osaka Prefecture is from mid-June to mid-July, because the damage to the Delaware fruit depends on the thrips density on the fruit during the first month after floral abscission (in early June for the Delaware) (Shibao, 1997) . However, a control effect of E. sojaensis on S. dorsalis is not expected because of the low density of the mite in the optimum timing for controlling the thrips. To utilize E. sojaensis as an agent for controlling S. dorsalis, it is necessary to evaluate the control effect by means of several techniques, for example, a mass release and preparation of alternative food for the mite, in a Delaware vineyard. 
